Indoor Exposure to Submicrometer Particles and PM2.5 in Residential Houses in Brisbane, Australia by Morawska, Lidia et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Digital Repository:  
http://eprints.qut.edu.au/ 
This is the published version of the following conference paper: 
Gilbert, Dale, He, Congrong, & Morawska, Lidia (2005) Indoor 
Exposure to Submicrometer Particles and PM2.5 in Residential Houses 
in Brisbane, Australia. In: Proceedings: Indoor Air 2005, 4‐9 
September 2005, China, Beijing 
© Copyright 2005 Please consult the authors.
Proceedings: Indoor Air 2005 
 1641 
INDOOR EXPOSURE TO SUBMICROMETER PARTICLES AND PM2.5 IN 
RESIDENTIAL HOUSES IN BRISBANE, AUSTRALIA 
L Morawska1, CR He1,* , D Gilbert2, 
1 International Laboratory for Air Quality and Health, Queensland University of Technology, Brisbane, QLD 
4001, Australia 
2 Built Environment Research Unit, Queensland Department of Public Works, Brisbane, QLD 4001, Australia 
ABSTRACT 
As part of a large study investigating indoor air in residential houses in Brisbane, Australia, the purpose of this 
work was to quantify indoor exposure to submicrometer particles and PM2.5 for the inhabitants of 14 houses. 
Particle concentrations were measured simultaneously for more than 48 hours in the kitchens of all the houses by 
using a condensation particle counter (CPC) and a photometer (DustTrak). The occupants of the houses were asked 
to fill in a diary, noting the time and duration of any activity occurring throughout the house during measurement, 
as well as their presence or absence from home. From the time series concentration data and the information about 
indoor activities, exposure to the inhabitants of the houses was calculated for the entire time they spent at home as 
well as during indoor activities resulting in particle generation. The results show that the highest median 
concentration level occurred during cooking periods for both particle number concentration (47.5´103 particles 
cm-3) and PM2.5 concentration (13.4 mg m-3). The highest residential exposure period was the sleeping period for 
both particle number exposure (31%) and PM2.5 exposure (45.6%). The percentage of the average residential 
particle exposure level in total 24h particle exposure level was approximating 70% for both particle number and 
PM2.5 exposure. 
INDEX TERMS 
Indoor air quality, Indoor exposure, Indoor submicrometer particles, Indoor PM2.5. 
INTRODUCTION 
Adverse health effects of exposure to particles have been described in numerous epidemiological studies. Health 
endpoints thoroughly studied are all cause and cause-specific mortality, and hospital admissions (Pope, 2000). 
Early studies focussed on associations with particle mass concentration in terms of PM10 fraction (or inhalable 
particles). During the last decade, PM2.5 fraction (fine particles) was increasingly emphasised. Currently, 
submicrometer particles (< 1mm) and ultrafine particles (< 0.1mm) are discussed as another important fraction 
since smaller particles (1): have a higher probability of penetration into the deeper parts of human body 
(Oberdörster et al., 2004); (2) contain higher levels of trace elements and toxins such as polycyclic aromatic 
hydrocarbons and mutagens (Monarca et al., 2001); and (3) have a large surface area, particularly in the case of 
ultrafine particles, which provides a unique interface for catalytic reactions of surface-located agents with 
biological targets like proteins, cells, etc. (Kreyling et al., 2004). Previous health effects studies have also 
suggested that number concentration can be a better predictor of health effects than mass concentration 
(Wichmann and Peters, 2000). This is because submicrometer particles, particularly ultrafine particles, comprise 
the largest number of particles but do not represent the greatest mass, which is principally determined by 
supermicrometer particles. However, data on submicrometer and ultrafine particle exposure and health effects are 
still limited (Englert, 2004).  
Human exposure to aerosol particles takes place in outdoor and indoor environments. In addition, the indoor 
environment can be subdivided into different microenvironments, such as: office, school, shopping centre, 
restaurant and residential house. The characteristics of indoor particles can be microenvironment specific. 
However, since the residential house is the main indoor microenvironment in which people, especially aged people 
and young children, spend their time; the majority of studies focus on indoor aerosol particles in residential 
environments (Monn, 2001).  
In order to better understand indoor exposure to particles, this study was carried out to provide data on the 
characteristics of submicrometer particles and PM2.5 found in residential houses in Brisbane, Australia. As part of a 
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larger study investigating indoor air, the focus of the work presented in this paper was an investigation of the 
residential particle exposure level. This included the following aims: (1) to quantify residential indoor 
submicrometer particle numbers and PM2.5 concentration levels in four different time periods; and (2) to evaluate 
the submicrometer particle and PM2.5 particle exposure levels in different time periods, as well as the contributions 
of residential exposure to 24 hr total exposure by an indirect approach method.  
RESEARCH METHODS 
Sampling site and houses: The sampling site and house information in relation to this study are described in detail 
by Morawska et al. (2001). Briefly, a residential suburb of Brisbane was chosen as the measurement site. The site 
has reasonably flat topography and a good mix of house types, both in terms of age and of style, i.e. newer and 
older houses, brick and timber, high set and low set. Fourteen houses in the suburb were chosen for the study. An 
additional house was chosen from another suburb as a comparison site.  
Instrumentation: The total number concentration of submicrometer particles (0.007-0.808 mm) was determined 
using the TSI Model 3022A Condensation Particle Counter (CPC) (TSI Incorporated, St. Paul, MN, USA). An 
approximation of fine particle mass concentration (PM2.5) was measured by the TSI Model 8520 DustTrak aerosol 
monitor (TSI Incorporated, St. Paul, MN, USA). These instruments were chosen as the most suitable for an indoor 
study because of their low flow rates (and thus negligible impact on particle concentrations indoors), quiet 
operation and their short sampling times of 10 and 30 seconds for CPC and DustTrak, respectively, which means 
provision of almost real time data. 
Sampling protocol: All measurements (except House 1) were conducted between May and July 1999, which is 
wintertime in Brisbane. PM2.5 and particle number concentrations were measured simultaneously for more than 48 
hours in the kitchens of all the houses. The CPC and DustTrak were placed side-by-side and positioned on average 
two metres away from the stove in the kitchen. The occupants of the houses were required to fill in a diary, noting 
the time and duration of any activity occurring in the house during the time of the measurements.  
Data processing and analysis: In order to obtain results more representative of true PM2.5 values, data collected by 
the DustTrak in this study was corrected using an equation which was produced from an additional experiment. 
The experiment was conducted under laboratory conditions to compare the DustTrak indoor readings with the 
readings of a TEOM (50ºC R&P 1400a with a URG PM2.5 cyclone inlet). More details of the correction are 
described elsewhere (Morawska et al 2003).  
RESULTS  
Table 1. Summary of the residential particle number concentrations (particles cm-3 ´103) and the PM2.5 mass 
concentrations (mg m-3) in four time periods 
 Cooking 
¾¾¾¾¾¾¾¾¾ 
Conc.         Time 
                 
(minute) 
Evening 
¾¾¾¾¾¾¾¾¾ 
Conc.         Time 
                 
(minute) 
Sleeping 
¾¾¾¾¾¾¾¾¾ 
Conc.         Time 
                 
(minute) 
Morning 
¾¾¾¾¾¾¾¾¾ 
Conc.         Time 
                 
(minute ) 
CPC 
(´103) 
Average 
S.D 
Max 
Min 
Median  
 
PM2.5 
Average 
S.D 
Max 
Min 
Median 
 
 
 
52.1 
28.8 
121.8 
8.0 
47.5 
 
 
40.5 
79.1 
546.7 
6.9 
13.4 
 
 
 
64 
35 
162 
13 
56 
 
 
65 
38 
176 
9 
60 
 
 
 
19.4 
13.1 
60.6 
5.5 
16.1 
 
 
20.4 
30.4 
183.2 
5.8 
12.3 
 
 
 
196 
74 
385 
70 
196 
 
 
191 
82 
385 
56 
180 
 
 
 
9.7 
4.0 
20.8 
3.8 
8.9 
 
 
13.6 
14.2 
88.7 
4.8 
9.6 
 
 
 
470 
34 
524 
408 
474 
 
 
473 
35 
539 
408 
475 
 
 
 
29.7 
14.6 
71.7 
4.2 
30.1 
 
 
12.8 
5.9 
32.0 
5.2 
10.7 
 
 
 
94 
35 
155 
33 
98 
 
 
89 
36 
158 
17 
94 
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Concentration and time period: Based on activity records, the results from the time-series particle measurements 
were classified into four time periods: cooking, evening, sleeping and morning. The average concentrations and 
time periods for each class were calculated for each house. A summary of average indoor particle number and 
PM2.5 concentrations, and time periods for each class is presented in Table 1.  
The results show that the highest medial concentration level occurred during the cooking period for both particle 
number concentration (47.5´103 particles cm-3) and PM2.5 concentration (13.4 mg m-3). This means that indoor 
concentration levels for both fine and ultrafine particles are significantly elevated as a result of cooking activities. 
The lowest medial concentration level occurred in the sleeping period for both particle number (8.9´103 particles 
cm-3) and PM2.5 concentration (9.6 mg m-3). Furthermore, it can be seen that the average concentration level for the 
morning period is significantly (p < 0.5) higher than the sleeping period for particle number concentration. 
However, for PM2.5 concentration, the average concentration level during the morning period is similar to that of 
the sleeping period. This is possibly due to two main reasons. Firstly, the indoor morning activities generated more 
ultrafine particles (<0.1 mm), but not as many particles in the range from 1 to 2.5 mm. Secondly, during the morning 
period a large amount of ultrafine particles generated outdoors, such as those from motor vehicles, flowed into 
these residential houses as a result of opening doors and windows after waking up.  
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Figure 1. Medial particle number concentrations and the time periods measured from the 15 investigated houses. 
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Figure 2. Medial PM2.5 concentrations and the time periods measured from the 15 investigated houses. 
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The concentration levels and time periods varied from house to house and also from day to day. The average 
patterns of concentration levels and time periods are shown in Figure 1 and 2, respectively, for particle number and 
PM2.5 concentrations.  
Exposure level: The assessment of human exposure to particle pollution can be represented by the following 
simplified basic equation (Klepeis, 1999):  
å å ´==
i
i
i
ii tCEE  (1) 
Where E is the total or integrated exposure to airborne particles contaminant for an individual expressed as an 
average concentration over a specified period of time across all microenvironments; Ei is the average exposure in 
the ith microenvironment; Ci is the average particle concentration in the ith microenvironment; and, ti is the fraction 
of time spent in the ith microenvironment.  
Based on Equation 1 and concentration and time period data, the residential exposure levels in the four time 
periods were evaluated (see Table 2). From Table 2, it can be seen that the highest residential exposure period was 
the sleeping period for both particle number exposure (31%) and PM2.5 exposure (45.6%). It also can be seen that 
there are large standard deviations in cooking period and evening period exposure for PM2.5. These larger standard 
deviations result from the high variability for both average PM2.5 concentrations and time periods. The total 
residential particle exposure level for both particle number and PM2.5 vary from house to house and from day to 
day.  
In conjunction with outdoor data, the results of further total particle exposure analysis indicate that the percentage 
of the average residential particle exposure level in total 24h particle exposure level is 68% and 70.6% for particle 
number and PM2.5 exposure, respectively. Thus, it is clear that residential particle exposure is very important in 
total particle exposure assessment and epidemiology study.  
Table 2. Summary of residential particle exposure assessment  
 Exposure Particle Number 
(particles cm-3 minute ´ 106) 
¾¾¾¾¾¾¾¾¾¾¾¾¾¾¾¾ 
Cooking    Evening      Sleeping      
Morning 
Exposure PM2.5 
(mg m-3 minute ´ 106) 
¾¾¾¾¾¾¾¾¾¾¾¾¾¾¾ 
Cooking    Evening    Sleeping    Morning 
Average 
S.D 
Median 
 
Percenta
ge (%) 
3.33 
1.01 
2.65 
 
23.0 
3.80 
0.97 
3.16 
 
26.2 
4.54 
0.14 
4.2 
 
31.4 
2.80 
0.51 
2.93 
 
19.3 
2.63 
3.02 
0.81 
 
18.7 
3.89 
2.50 
2.22 
 
27.6 
6.44 
0.50 
4.58 
 
45.6 
1.15 
0.21 
1.00 
 
8.1 
 
DISCUSIONS 
Several published studies have reported on indoor pollution exposure. However, only a few of these studies 
investigated indoor particle exposure, and none of these studies has reported on residential indoor submicrometer 
particles and PM2.5 particle exposure assessment. Therefore, comparison between residential submicrometer 
particles and PM2.5 particle exposure levels found in this study and results from other studies cannot be conducted.  
Although the indoor particle measurements were taken in the kitchen, these measurements were expected to be 
representative of the residents’ personal exposure levels. The open plan arrangement of the houses and close 
location of the rooms to one another imply good mixing of air within the kitchen and living room. Therefore, 
particle concentrations in the living room and kitchen during cooking, morning and evening periods are expected 
to show any significant differences. During the sleeping period, the differences in particle concentration levels 
between kitchen and bedrooms are also not expected to differ significantly. Despite the increased distance between 
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the rooms, the lack of activity in the rest of the house means that the indoor air quality is dominated by exchange 
with outdoor air. However, more measurements need to be conducted at different locations in the house together 
with a location versus time activity pattern in order to provide more accurate personal exposure assessments. 
CONCLUSION 
This study quantified the residential particle exposure assessment in four classes of diurnal cycle activities of the 
occupants. The findings from this study indicate that residential exposure to particles is an important part of total 
particle exposure and they can be applied in modelling of indoor air quality and of total human exposure. These 
results also suggest that a reduction of indoor particle source emissions (such as cooking) is needed to substantially 
decrease exposure to airborne particles.  
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